Background: Gallstones are associated with insulin resistance but the relation between gallstone disease and the risk of developing diabetes mellitus (DM) is unclear. We examined if gallstones are associated with an increased incidence of DM compared to no gallstones. Methods: A cohort study was performed in 41,518 Koreans aged 30-59 without DM, who underwent a health checkup during 2005-2006 and then were followed annually or biennially until December 2011. Throughout the study period, gallstones were defined as ultrasound-documented gallstones by standard criteria and DM was defined as fasting serum glucose ≥7.0 mmol l -1 , A1c ≥6.5%, or use of DM medications. Results: During 192999 person-years of follow-up, 2,232 participants developed DM (incidence rate 11.6 per 1,000 person-years). The incidence of DM was higher in subjects with gallstones or cholecystectomy than in those without gallstones for women but not for men. In multivariate-adjusted models, the hazard ratios (95% confidence intervals) for DM comparing gallstones and cholecystectomy vs. no gallstones were 0.95 (0.63-1.42) and 1.13 (0.53-2.38), respectively, in men and 1.64 (1.13-2.40) and 2.04 (1.01-4.11), respectively, in women. These associations did not differ significantly between relevant subgroups. Conclusions: In an apparently healthy population, gallstones were independently and modestly associated with increased incidence for DM in women but not in men. Women with gallstones should be provided with adequate measures for preventing DM. Korean J Health Promot 2015;15(4):217-224
INTRODUCTION
Gallstones are a common condition worldwide whose prevalence is increasing with the increase in obesity and the westernization of the socioeconomic environment. They are associated with high financial costs for health care systems worldwide. 1) In addition to the direct complications of gallstones, 2) studies have shown a positive independent association between gallstone disease (GSD) and cardiovascular morbidity, 3) extrabiliary cancer, 4) overall, cancer, and cardiovascular mortality, 5) suggesting a possible role of GSD as a predictor for other diseases directly unrelated to gallstones.
Insulin resistance, an important pathogenic factor of cardiovascular disease and type 2 diabetes mellitus (DM), was found to promote cholesterol gallstones through an increase in biliary cholesterol secretion and lithogenic bile salt profile. 6) Epidemiologic studies also demonstrated an association between insulin resistance and gallstones. [7] [8] [9] All these raise a possibility that GSD as a manifestation of insulin resistance predicts incident DM. Recently, a prospective cohort study found that self-reported GSD increased the risk for self-reported DM. 10) The majority of gallstones do not develop symptoms: less than 25% of ultrasound-diagnosed gallstones eventually become symptomatic. 11) Thus, ascertainment of gallstones solely based on self-report can underestimate the gallstone status. Ultrasonography (US) is the procedure of choice for identifying gallstones, being a noninvasive and safe imaging technique that accurately detects the point prevalence of gallstones in a defined asymptomatic population. 12) To our best knowledge, no study has examined whether US-documented gallstones are associated with an increased incidence of DM. If the previously documented relationship of gallstones with incident DM was also observed in asymptomatic population, it would indicate that individuals with gallstones should be supported with adequate prevention measures, regardless of gallstone-related symptoms or complications. We hypothesized that gallstones, as a manifestation of insulin resistance, increase the development of DM even in an asymptomatic individuals. The aim of our study was to examine whether GSD based on US is associated with incident DM compared with no gallstones in an apparently healthy population.
METHODS

Study population
The study population comprised workers and their spous- 1 ). As some individuals met more than one criterion for exclusion, the total number of eligible subjects for the study was 45,678 at baseline. Further, 4,160 subjects (9.1%) were excluded for not attending any follow-up visits by December 2011. Finally, 41,518 subjects were included in the analysis.
Those not attending any follow-up visits were, on average, 0.3 years younger and tended to have more favorable metabolic profiles at baseline than the remaining participants (data not shown).
This study was approved by the Institutional Review Board of Kangbuk Samsung Hospital, which exempted the requirement for informed consent as we only retrospectively accessed data that were de-identified.
Measurements
Abdominal ultrasounds were performed using the Logic , A1c ≥ 6.5%, or the use of blood glucose lowering agents. Anthropometric measurements and procedures for obtaining the blood samples were described in detail elsewhere. 15) The glycated hemoglobin determination using the Cobas Integra 800 (Roche Diagnostics, Rotkreuz, Switzerland) was based on the turbidimetric inhibition immunoassay for hemolyzed whole blood. The intra-and inter-assay coefficient of variation was 2.3% and 2.4%.
Statistical analyses
The χ 2 -test and student t-test were used to compare the characteristics of the study participants at baseline between GSD and no GSD groups. The distribution of continuous variables was evaluated and log-transformations for rightskewed variables were done during analyses.
Incidence density was expressed as the number of cases divided by person-years. Follow-up extended from the baseline exam until the development of DM, or the last health exam conducted for each participant. Since we knew that the gallstones had occurred between two visits but did not know the precise time of diabetes development, we used a parametric Cox model to take into account this type of interval censoring (stpm command in Stata). 16) In these models, the baseline hazard function was parameterized with restricted cubic splines in log time with four degrees of freedom. We estimated the adjusted hazard ratios (aHR) with 95% confidence intervals (CI) for incident diabetes comparing gallstones and cholecystectomy to the no GSD group. For time-dependent analyses, we used a pooled logistic regression model that closely approximates a Cox model when the risk of outcome between intervals is low.
The models were initially adjusted for age, and then, for smoking, alcohol intake, exercise, BMI, total cholesterol, triglyceride, HDL-cholesterol, and HOMA-IR. To determine linear trends of risk, the number of categories was used as a continuous variable and tested on each model. We assessed the proportional hazards assumption by examining graphs of estimated log(-log) survival.
In addition, we performed stratified analyses in pre-specified subgroups defined by gender, age (＜40, ≥ 40 years), MetS (yes, no), BMI (＜25, ≥ 25 kg m -2 ), HOMA-IR (＜2.5
vs. ≥ 2.5), 17) and fatty liver (yes, no); and the interactions 
RESULTS
The baseline characteristics of subjects by GSD are presented in Table 1 . The prevalence of GSD was 1.9% in men and 2.5% in women. In both genders, age, BMI, diastolic BP, glucose, GGT, and HOMA-IR were associated positively with GSD, whereas HDL-C was associated negatively. The proportions of obesity, MetS, and fatty liver were also positively associated with GSD in both men and women. Tri-glycerides, systolic BP, and hypertension were associated with GSD in women, whereas ALT and CRP were associated with GSD in men.
The average follow-up period for participants who did Table 2 ). Incidence of DM was higher in subjects with gallstones or cholecystectomy than those without gallstones in women but not in men; but the association between GSD and DM did not differ statistically by sex (P for interaction ＞0.05). In multivariate-adjusted models, the HR (95% CI) for DM comparing gallstones and cholecystectomy vs. no GSD were 
DISCUSSION
We found that GSD was associated with increased incidence of DM in women but not in men. In women, both gallstones and cholecystectomy were significantly associated with the development of DM, and these associations persisted after adjusting for age, BMI, lipid profiles, HOMA-IR, and possible confounders, suggesting that GSD is an independent risk factor for the development of DM in women.
To our knowledge, this is the first cohort study demonstrating a prospective relationship of US-diagnosed gallstones on the incidence of DM while accounting for possible confounders. Our results agree with prior cross-sectional studies 18) and a recent prospective cohort study. 10) Contrary to the prospective study where gallstones and DM were based on self-report, which could introduce misclassification bias, 7) we were able to use objective measures for defining exposure and outcome status. Throughout the study period, gallstones based on US, an ideal method to identify gallstone disease, 12) and DM based on the levels of fasting glucose and A1c, recently adopted criteria for diagnosing diabetes, 19) as well as self-reported history were assessed and increasing gallbladder stasis. 12) Estrogen and progesterone receptors have been documented in gallbladders of gallstone patients, and the proportion of gallbladders expressing estrogen receptors is higher in women than in men. 22) Further, obese men generally secrete more bile acids and phospholipids into bile than do obese women; consequently, the bile of obese men is less lithogenic. 23) Also, in a study addressing the relationship between adiponectin and type of gallstones, decreased adiponectin levels were associated with cholesterol gallstones, whereas increased adiponectin levels were associated with pigment gallstones. 24) The heterogeneity of gallstones in men and its different pathogenesis by sex and stone type may be responsible for the differences between men and women in this study. Therefore, for establishing that gallstones are risk factors or risk markers for DM, further studies addressing gallstone type and sex difference are needed.
We hypothesized that gallstones, as a manifestation of insulin resistance, possibly mainly cholesterol stones predict incident DM. In East Asians, pigment stones still comprise some portion of gallstones, 12) but gallstone composition has changed over the past decades in East Asian countries, 11) and epidemiological and composition characteristics of gallstone disease have become similar to that seen in Western countries. 25) If pigment stones are included, the association between gallstones and DM may be attenuated.
Compared with previous findings, in this study, the prevalence of GSD at baseline was 2.1% (95% CI, 2.0-2.2), which is lower than in the general population. 5) Since GSD increases with increasing age, this smaller prevalence of GSD can be explained by age and ethnic differences. The frequency of gallstones increases with age, escalating markedly after age 40 to 4-10 times more likely 1) . In our study, 75% of the subjects were younger than 40 years old. Additionally, in Asian population, a lower prevalence of GSD has been reported than in Western countries. 26) Despite the lower prevalence of GSD and a healthy young population, a large sample size made it possible to show a significant association between gallstones, cholecystectomy, and incident DM in women.
The association between gallstones and incident DM can
be explained by the relationship of gallstones with insulin resistance. 7, 8) An in vitro study suggested that insulin resistance could play a major role in the pathogenesis of gallstone by favoring the production of cholesterol-supersaturated bile and inducing gallbladder inflammation with increased mucus production and by altering gallbladder function. 27) Another experimental animal study indicated that mice with only hepatic insulin resistance, created by liver-specific disruption of the insulin receptor, were markedly predisposed toward cholesterol gallstone formation due to an increase in biliary cholesterol secretion and lithogenic bile salt profile. 6) And epidemiological studies have demonstrated that insulin resistance was independently associated with gallstone disease even in individuals without diabetes. 18, 28) Therefore, gallstones as a manifestation of insulin resistance, a key pathogenic factor in DM, can predict increased incidence of DM.
There were several limitations in this study. First, even though abdominal ultrasound is an ideal method to identify gallstone disease, 12) we did not have information on the 
